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There is ongoing discussion in the literature regard-ing the optimal surgical approach to treat cervical spondylotic myelopathy.16 Posterior approaches 
as well as anterior techniques such as ACDF and ACCF 
are the most commonly used approaches.9,10,12,14 In both 
ACDF and ACCF, the spinal canal is decompressed ante-
riorly, and the segment(s) are then fused, with the goal of 
improving or stabilizing the myelopathy and alleviating 
the associated neck pain or radiculopathy. Although both 
techniques are widely used, there is currently no evi-
dence for the superiority of one over the other in terms 
of patient-rated outcomes.16 Most studies have compared 
differences in surgical technique, related complications, 
or physician-rated outcome. These studies have shown 
that ACCF is associated with good fusion rates, but with 
higher complication rates, a longer duration of surgery, 
and greater blood loss compared with ACDF.12,14,15 Leaks 
of CSF and injury to the vertebral artery are also report-
ed more frequently for ACCF.10,14 Moreover, ACDF has 
been reported to better preserve the stability of the spinal 
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column after fusion.16 However, the more limited surgi-
cal exposure compared with ACCF places this technique 
at higher risk of incomplete decompression, and the in-
creased number of fusion surfaces in multilevel ACDF 
can lead to a higher risk of pseudarthrosis.14,16
Patient-rated outcome has rarely been examined in 
the aforementioned studies. In this comparative effective-
ness study, we analyzed the patient-rated outcomes and 
radiographic outcomes of patients who had undergone 
ACDF or ACCF for the treatment of cervical spondylotic 
myelopathy.
Methods
Patient Data and Inclusion Criteria
This was a single-center study nested within the 
EuroSpine Spine Tango data acquisition system. It com-
prised a retrospective analysis of prospectively collected 
data. Cases were identified using the Spine Tango sys-
tem and our local outcomes database and were verified 
by cross-checking with information in our local clinical 
information system. Inclusion criteria were the follow-
ing: consecutive patients between 2004–2011 presenting 
with signs of myelopathy undergoing anterior cervical 
decompression with fusion at more than 1 level due to 
degenerative stenosis, treated with either 2-level ACDF or 
1-level ACCF, who were German or English speakers and 
(after 2007) also Spanish, Italian, French, or Portuguese 
speakers. Exclusion criteria were the following: ACDF 
performed at nonconsecutive levels (floating fusion), both 
ACDF and ACCF performed during the same surgery, 
prior cervical fusion surgery, myelopathy associated with 
nondegenerative causes, and additional posterior instru-
mented fusion at the same levels.
Surgical Technique
The ACDF and ACCF techniques were performed 
as previously described via a standard cervical anterior 
approach.2,12 After discectomy or corpectomy, either an 
iliac bone graft or a cage with or without plates was used 
for fusion. Harms titanium cages (DePuy) were used for 
ACCF and PEEK (polyetheretherketone) cages (Medtron-
ic) for ACDF.
Data Acquisition System and Patient-Oriented  
Questionnaires
Using the prospective EuroSpine Spine Tango data 
acquisition system,13 all relevant patient data were docu-
mented by the physician during the hospital stay, includ-
ing pathology, previous treatment, patient comorbidity 
status assessed with the American Society of Anesthesi-
ologists physical status score, surgical procedure, number 
of affected levels, duration of surgery (in categories, from 
< 1 to > 10 hours), blood loss (in categories from none to 
> 2000 ml), and both general and surgical complications.
Patients completed the multidimensional COMI ques-
tionnaire before and 12 months after surgery.6 The ques-
tionnaire was sent to the patients by post, to be completed 
at home. The COMI (scored 0–10) consists of questions 
covering the domains of pain, function, symptom-specific 
well-being, general quality of life, and social and work 
disability.6,7 In addition, the global treatment outcome at 
the 12-month follow-up was assessed with a question in-
quiring as to how much the operation had helped the neck 
problem overall (5 response categories: 1 = helped a lot, 
2 = helped, 3 = helped a little bit, 4 = did not help, and 5 
= made things worse). Patient-rated satisfaction with care 
was also rated using a 5-point Likert scale. (Patients were 
asked: ‘‘Over the course of treatment for your neck prob-
lem how satisfied were you with the medical care in our 
hospital?’’ Response categories were the following: 1 = 
very satisfied; 2 = satisfied; 3 = not satisfied, but also not 
dissatisfied; 4 = dissatisfied; and 5 = very dissatisfied.)
Radiographic Measurements
Radiographic measurements included segmental 
height, cervical lordosis, and fusion rate as described by 
Song et al.14 Segmental height and lordosis were measured 
on plain lateral radiographs with the patient in the neutral 
position. Measurements were made before and within the 
first week after surgery and at the last follow-up. To as-
sess segmental height, the distance between the midpoint 
of the involved cranial and caudal vertebral bodies was 
measured. Cervical lordosis was defined as the angle be-
tween the lower endplate of C-2 and the upper endplate of 
C-7 using the Cobb method. Fusion rate was defined ei-
ther by the absence of motion between spinous processes 
on functional lateral plain radiographs (flexion/extension) 
or by bridging of the bone anterior or posterior to the cage 
or at the graft-endplate junction in cases where iliac bone 
had been implanted.14
Statistical Analysis
The significance of differences between the ACDF 
and ACCF groups for continuous, normally distributed 
data were analyzed using unpaired Student t-tests or re-
peated-measures ANOVA (for pre/post measures). Contin-
gency analyses with chi-square or Fisher exact test were 
used to analyze the association between surgical group and 
categorical variables, and correlation of radiographic data 
to clinical outcome was determined using Pearson correla-
tion coefficient (r value). For analysis, the global outcome 
was dichotomized into ‘‘good’’ (that is, operation helped or 
helped a lot) and ‘‘poor’’ (that is, operation only helped a 
little, did not help, or made things worse). Descriptive data 
are presented as the mean ± SD, and statistical significance 
was accepted at the p < 0.05 level.
Results
Study Groups
Of the 156 patients (91 males and 65 females) iden-
tified from the database who had undergone ACDF (n = 
93) and ACCF (n = 63) for multilevel cervical spondylotic 
myelopathy, 118 were treated with either a consecutive 
2-level ACDF (n = 80) or a 1-level ACCF (n = 38). These 
patients composed the groups under study. The distribution 
of the cervical segments operated on is shown in Table 1. 
In 25 (31%) of the 80 ACDF patients and 36 (95%) of the 
38 ACCF patients, a cage (Harms titanium mesh or PEEK 
[polyetheretherketone]) was used for fusion, and in 55 
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(69%) of the 80 ACDF patients and 2 of the 36 ACCF pa-
tients (5%), iliac bone was used. Anterior plate fixation was 
used in 60 ACDF patients (75%) and in all ACCF patients.
No statistically significant difference (p > 0.05) was 
detected between the 2 groups in terms of age, sex, co-
morbidity, or baseline patient-rated measures (Table 2).
Surgery Details
The duration of surgeries did not differ significantly 
between the 2 groups (p = 0.14), with most of the surger-
ies lasting between 2 and 3 hours (Table 3). Data for rates 
of complications were available for 85% (68/80) of the 
ACDF patients and 82% (31/38) of the ACCF patients. 
Blood loss during surgery was significantly lower (p = 
0.04) in the ACDF group than in the ACCF group, and 
both general as well as surgical perioperative complica-
tion rates were slightly, but not significantly, higher in the 
ACDF group (Table 3). 
Radiographic Outcome
A summary of the radiographic outcomes is shown in 
Table 4. The 2 groups showed a similar segmental height 
and lordosis angle at baseline (statistical significance of the 
group difference in each case was p > 0.05). The last ra-
diological follow-up was carried out at 20.1 ± 13.0 months 
(range 9.9–90.5 months) postoperatively for the ACDF 
group and 20.9 ± 15.1 months (range 11.6–80.5 months) 
for the ACCF group (p > 0.05). A statistically significant 
difference was detected between the groups for segmental 
height immediately postoperatively (p = 0.0006) and at the 
last follow-up (p = 0.003), with the ACDF group showing 
significantly greater improvements upon baseline values 
than the ACCF group (Table 4). In both groups, the 3- to 
4-mm increase in segmental height seen postoperatively 
showed a significant (p < 0.05) approximately 2-mm de-
crease by the time of the last follow-up.
In the ACDF group, the cervical lordosis angle 
showed a slight increase compared with baseline values 
both immediately after surgery and at the last follow-up; 
in contrast, the ACCF group showed a slight reduction in 
cervical lordosis at comparable time points. This resulted 
in a significant (p < 0.05) difference between the groups 
for the change in lordosis angle over time (preoperative 
to postoperative, as well as preoperative to last follow-
up). There was no significant change between the lordosis 
angle immediately after surgery and at the last follow-up 
in either the ACDF or the ACCF group (p = 0.27 and p = 
0.41) (Table 4).
Fusion rates were 97% (78/80) in the ACDF group 
and 95% (36/38) in the ACCF group (p = 0.59). Three 
patients (4%) from the ACDF group and 2 patients (5%) 
from the ACCF group needed repeated surgery for adja-
cent-level disease by the time of the last follow-up.
Patient-Rated Outcomes
The 12-month questionnaire follow-up rate was 
92.4%, with no significant difference (p = 0.94) between 
the ACDF (92.5%) and ACCF (92.1%) groups. All the 
patient-rated outcomes were slightly but not significant-
ly better in the ACDF group than in the ACCF group. 
A good global outcome (operation helped/helped a lot) 
at the 12-month follow-up was reported by 82% of the 
ACDF patients and 69% of the ACCF patients (p = 0.10) 
(Table 5). In the ACDF group, 86% of patients were sat-
isfied/very satisfied with their care compared with 83% 
in the ACCF group (p = 0.62). In each group, a statisti-
cally significant (p < 0.0001) and clinically relevant (≥ 
2.2-point) reduction was detected in the multidimensional 
COMI score 12 months after surgery, with no significant 
difference in this score between the groups (Table 5).
Correlation of Radiographic Data to Clinical Outcome
Low but statistically significant correlations were 
detected between the change in pre- to postoperative lor-
dosis angle and the changes (preoperative to 12-month 
follow-up) in arm pain (r = 0.25, p = 0.04), highest pain 
(r = 0.25, p = 0.013), and function (r = 0.24, p = 0.016), 
as measured with the COMI. None of the correlations 
between these same clinical measures and the change in 
segmental height (preoperative to postoperative) reached 
statistical significance. However, a significant difference 
was detected between those with a “good global out-
come” and those with a “poor outcome” for both the in-
crease in postoperative segmental height (4.4 ± 2.5 mm vs 
2.0 ± 1.9 mm, respectively; p < 0.0001) and the change in 
lordosis angle (1.3° ± 3.8° vs -1.58° ± 5.1°, respectively; 
p < 0.004). The proportion of patients reporting a good 
global outcome did not differ significantly between the 
patients with solid fusion and those with pseudarthrosis 
(78 vs 67%, respectively, p = 0.53).
Discussion
In this study, we compared 2 different surgical tech-
TABLE 1: Overview of surgically treated segments  
Factor
No. (%)
ACCF ACDF
no. of corpectomies/discectomies   63 93
 1 38 (60.3) 0 (0)
 2 15 (23.8) 82 (88.2)
 3 9 (14.3) 10 (10.8)
 4 1 (1.6) 1 (1.1)
no. of included cervical segments 38 80
 C3–5 6 11
 C4–6 14 31
 C5–7 17 38
 C6–T1 1 0
fusion materials 38 80
 cage 36 25
 iliac bone 2 55
 plate 38 60* 
 no plate 0 20†
* In the 60 cases of plate placement, 15 involved cages and 45 in-
volved iliac bone.
† In the 20 cases without plates, 12 involved cages and 8 involved 
iliac bone.
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niques, ACDF and ACCF, for the treatment of spondylotic 
myelopathy with regard to patient-rated and radiographic 
outcome. In the literature, there is still ongoing discussion 
about the superiority of one technique over the other, and 
previous studies have mostly compared groups with dif-
ferent numbers of operated levels and without any patient-
rated outcomes.4,5,8,14 Only a few studies have focused on 
specific comparisons including only patients with 2-level 
ACDF or 1-level ACCF.10,11,15 The rationale for the selec-
tion of these subgroups resides in the fact that both tech-
niques remove 2 intervertebral discs for the same extent 
of spinal canal stenosis.15
We present 1 of the largest series in the literature10,11,15 
comparing 2-level ACDF and 1-level ACCF. The results 
suggest that both techniques are safe and effective in the 
treatment of cervical spondylotic myelopathy and that 
they result in similarly good patient-oriented outcomes. 
The 2 groups had similar demographic/clinical char-
acteristics and COMI scores at baseline, and showed a 
similar significant improvement in the COMI score 12 
months after surgery (2.8 ± 2.7 points for ACDF and 2.2 
± 3 points for ACCF). In a study including 14 two-level 
ACDF and 17 one-level ACCF patients, Oh et al. reported 
a significant improvement in neck and arm pain visual 
analog scale scores in each group without significant dif-
ferences in these scores between the groups.10 We also 
showed an improvement in neck pain and arm pain in 
each group, together with significant improvements in 
function, symptom-specific well-being, quality of life, 
and disability (Table 5). In a meta-analysis, Jiang et al. 
reported that 6 out of 9 studies (including some studies 
with multilevel ACDF and ACCF) using a variety of out-
come measurements found similar outcomes for the 2 
treatments;5 3 other studies described a slightly but not 
significantly better clinical outcome for ACCF than for 
ACDF. For instance, Nirala et al. reported that a “good” 
or “excellent” clinical outcome was found in 87.0% of 
ACCF and 81.1% of ACDF patients.8 There was a higher 
pseudarthrosis rate in the ACDF group in their study, and 
patients with pseudarthrosis had significantly poorer clin-
TABLE 2: Baseline characteristics of the 2 treatment groups
Variable ACCF (n = 38)* ACDF (n = 80)* p Value
age (yrs, mean [SD]) 60.3 (11.1) 60.7 (9.9) 0.84
sex (no. of males) 25 (66%) 41 (51%) 0.14
comorbidity status (%)† 0.64
 ASA 1 19.4 17.9
 ASA 2 67.7 61.2
 ASA 3 12.9 20.9
baseline neck pain on 0–10 scale (mean [SD])‡ 3.8 (3.1) 4.3 (2.9) 0.37
baseline arm pain on 0–10 scale (mean [SD])‡ 4.7 (3.2) 4.7 (3.1) 0.95
baseline worst pain (either neck or arm) on 0–10 scale (mean [SD])‡ 5.3 (3.1) 5.5 (2.7) 0.73
baseline function on 1–5 scale (mean [SD])§ 3.2 (1.4) 3.3 (1.2) 0.71
baseline symptom-specific well-being on 1–5 scale (mean [SD])§ 4.3 (1.2) 4.3 (1.1) 0.99
baseline general quality of life on 1–5 scale (mean [SD])§ 3.4 (1.0) 3.6 (0.9) 0.52
baseline disability (social and work) on 1–5 scale (mean [SD])§ 3.1 (1.7) 2.9 (1.6) 0.59
COMI sum score on 0–10 scale (mean [SD]) 6.1 (2.9) 6.1 (2.3) 0.91
* Numbers were 36 undergoing ACCF and 76 undergoing ACDF for baseline patient-rated outcome data. 
† Assessed as American Society of Anesthesiologists (ASA) physical status score.
‡ The 0–10 scales are based on a visual analog scale (VAS) ranging from 0 (no pain) to 10 (worst pain the patient can imagine).
§ The 1–5 scales are based on patient-rated evaluation of satisfaction: 1 = very satisfied; 2 = satisfied; 3 = not satisfied, but also 
not dissatisfied; 4 = dissatisfied; 5 = very dissatisfied.
TABLE 3: Group differences in surgical details
Variable ACCF (n = 31)* ACDF (n = 68)* p Value
operation duration 0.14
 1–2 hrs 6.5% 8.8%
 2–3 hrs 64.5% 67.7%
 3–4 hrs 19.3% 23.5%
 >4 hrs 9.7% 0.0%
blood loss 0.04†
 none 0.0% 14.7%
 <500 ml 90.3% 82.4%
 500–1000 ml 9.7% 2.9%
general complications 
 (intraop/periop)
2/31 (6.5%)‡ 7/68 (10.3%)‡ 0.72
surgical complications 
 (intraop/periop)
1/31 (3.2%)§ 7/68 (10.3%)§ 0.42
* Spine Tango form was not completed for all patients.
† For complications, the Fisher exact test was used to determine p 
values; p values < 0.05 were considered significant.
‡ ACCF complications: pulmonary (n = 2); ACDF: anesthesiological (n 
= 1), cardiovascular (n = 2), pulmonary (n = 2), cardiovascular and pul-
monary (n = 1), kidney/urinary (n = 1), other (n = 1).
§ ACCF complications: bleeding outside spinal canal (n = 1); ACDF: 
nerve root damage (n = 1), nerve root damage and bleeding in spinal 
canal (n = 1), dural tear (n = 3), implant failure (n = 1), other (n = 1).
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ical outcomes, which might have explained the slightly 
better outcomes after ACCF. In our study, there was a 
similarly good outcome in each group and the 2 groups 
showed similarly high fusion rates.
With regards to surgical parameters, general (medi-
cal) and surgical complication rates were similar in both 
groups; only blood loss was significantly higher in the 
ACCF than in the ACDF treatment. This difference has 
been described in the literature before and is probably 
due to the more invasive surgical approach involved in 
removing a vertebral body.5,12 The duration of surgery 
was comparable for the 2 groups as might be expected: 
in both techniques, two discs are removed, and the longer 
time required for removing the vertebral body in ACCF is 
compensated for by the fusion procedure, since in ACDF 
2 segments need to be fused whereas in ACCF only 1. 
Some studies have reported a significantly longer time 
of surgery for ACCF although most of these studies in-
volved multilevel ACDF and ACCF.5,10
The radiographic findings in our study were compa-
rable to those reported in previously published studies.11,15 
Compared with ACCF, segmental height was significant-
ly greater in the ACDF group, both immediately after 
surgery and at the last follow-up; lordosis angle increased 
slightly in the ACDF group and decreased slightly in the 
ACCF group, leading to significant group differences 
at each time point. We assume that the reason for this 
is the more effective distraction and change in lordosis 
angle over 2 levels in ACDF compared with ACCF. Oh et 
al. also described a postoperative increase in segmental 
height in both ACDF and ACCF groups with a signifi-
cantly greater increase and a better improvement in lordo-
sis angle in the ACDF group.10 Segmental height showed 
a significant reduction in both groups over time, from im-
mediately after surgery up to the last follow-up. Park et 
al. also described subsidence over time in 52 ACCF and 
45 ACDF cases, with a peak occurring within the first 
6 weeks after surgery and no significant difference be-
tween the 2 groups.11 The subsidence might be explained 
by postoperative migration of the cage or iliac bone into 
the cover plate of the adjacent vertebral bodies leading to 
a subsidence of the treated segment. Our nonunion rate in 
1-level ACCF (5.3%) was comparable to that reported for 
the same procedure in recent studies, but the nonunion 
rate in 2-level ACDF patients was much lower (2.5%) in 
our study than in others.5 When the pooled data from the 
recently published meta-analysis are examined in more 
detail, it appears that the high nonunion rates after ACDF 
were based on relatively old studies.1,17 The higher rates 
might have been the result of poorer techniques and ma-
terials because recent studies have shown fusion rates for 
the 2 groups15 that are comparable to those presented in 
the current study.
The increase in lordosis angle showed a significant 
correlation with the improvement in some patient-rat-
ed outcomes including arm pain, highest pain (neck or 
arm), and function. However, the size of the effect was 
not large, with the radiographic changes accounting for 
just 6% of the variance in clinical outcomes. Gum et al. 
previously showed that the maintenance or restoration 
of lordosis improved patient outcomes after ACDF.3 The TA
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achievement of solid fusion was not significantly associ-
ated with a good clinical outcome, although the patient 
numbers in the pseudarthrosis group were likely too low 
to allow valid analysis.
Our study has some limitations, including its retro-
spective nature (albeit of prospectively collected data) 
and the lack of randomization of the patients to either 
the ACDF or the ACCF treatment. Instead, the surgical 
procedure was chosen by the treating surgeon. Further, 
2 different materials for fusion were used in ACDF (cage 
or iliac bone), with or without plate fixation, and a dif-
ferent cage type was used for ACDF and ACCF patients. 
Nonetheless, on the basis of patient-rated outcome mea-
sures, collected with a very high follow-up rate of 92.4%, 
this study showed that both ACDF and ACCF techniques 
resulted in a high proportion of patients reporting a good 
global outcome (operation helped/helped a lot) and satis-
faction with care. 
Conclusions
The similarity between the groups, ACDF and ACCF, 
precludes any firm conclusions regarding the superiority 
of one technique over the other, but it should be borne in 
mind that ACDF was associated with significantly less 
blood loss, greater cervical lordosis, and higher segmental 
height. In turn, on an individual basis, a low but nonethe-
less significant tendency to have a better clinical outcome 
was seen in patients having an improved lordosis angle.
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